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Description 

[0001] The present invention relates to a plate glass having high resistance against the progress of Iracture, i.e. a 
plate glass having high fracture toughness. Particularly, it relates to a plate glass suitable as a substrate for electronics, 
5 for which high thermal resistance and a thermal expansion coefficient of a same level as usual soda lime sifica glass, 
are required. 

[0002] In recent years, industry of large size flat display panels represented by color plasma display panels (herein- 
after referred to as color PDP) has shown a remarkable growth, and glasses to be used as substrates thereof have been 
diversified. Heretofore, usual soda lime silica glass has been widely used for substrates for large sizedflat display pan- 
ic els. One of the reasons is such that the thermal expansion coefficients of various glass frit materials to be used as con- 
stituting part materials for panels, including inorganic sealing materials, can easily be adjusted to the thermal expansion 
coefficient of soda lime silica glass. 

[0003] On the other hand, in order to reduce deformation or thermal shrinkage of glass substrates in the heat treat- 
ment process during the production of large sized flat display panels, it is strongly desired to improve the thermal resist- 
is ance of the glass for substrates. For this purpose, a so-called high strain point glass has been widely used as a 
substrate, which has a thermal expansion coefficient of the same level as soda lime silica glass and has a higher strain 
point and which has an alkali content controlled to be low in order to improve the electrical insulating property. 
[0004] However, such a high strain point glass is brittle as compared with soda lime silica glass and thus has had a , 
problem that it is likely to break in the production process. Further, such a high strain point glass has had another prob- 
ed I em that its density is large, whereby it has been difficult to reduce the weight of the large sized flat display panel. 
[0005] To solve such problems, for example, JP-A-9-301733 proposes a glass for substrate which has a low density 
and which is hardly flawed. The characteristic of being hardly flawed is effective in a case where a flaw as a fracture 
origin is likely to be imparted in the process for producing a panel, but it is not necessarily effective in a case where a 
flaw is imparted during processing treatment such as cutting prior to such a production process. It is usual that many 
25 flaws which are likely to be fracture origin, are already present at an edge portion of the glass in the processing treat- 
ment such as cutting. In such a case, in order to prevent breakage of the glass, it has been necessary to present a plate 
glass which essentially has high resistance against the progress of fracture due to a tensile stress, i.e. a plate glass hav- 
ing high fracture toughness. 

[0006] Usually, there is the following relation between the above mentioned fracture toughness (K| C ) and the fracture 
30 strength (a): 

a = K, c /(Yxc 1/2 ) 

where c is the size of the flaw which causes fracture, and Y is a constant determined by the shape of the flaw. 

35 [0007] As methods for evaluating the fracture toughness of brittle materials, many proposals have heretofore been 
made. JIS R1607 stipulates two methods i.e. a single edge precracked beam method (SEPB method) and an indenta- 
tion fracture method (IF method), as methods for testing the fracture toughness of fine ceramics. According to a com- 
mentary of the above stipulations, the SEPB method is recommended as a method which should be employed mainly 
for the reason that the theoretical ground is clear. On the other hand, the IF method is described as a method for 

40 inspecting the length of a crack formed when a Vickers indenter is pressed against the surface of the material, which is 
employed for the reason that it is very simple, and the interrelation with the values measured by the SEPB method has 
been generally confirmed. In this connection, the discussion in JP-A-9-301 733 is made on the basis of the IF method, 
and although a substrate glass which is hardly flawed, is disclosed, it can hardly be said as aimed at increasing the 
resistance against the progress of fracture due to a tensile stress. 

45 [0008] Accordingly, a discussion of the fracture toughness itself is considered to be preferably made on the basis of 
a method for measuring the resistance against the growth of a crack due to a tensile stress. As a typical method there- 
for, the above mentioned SEPB method, a chevron notch method (BBCN method) or a double cantilever method (DCB 
method) may, for example, be mentioned. Here, the BBCN method is a method for measuring fracture toughness by 
carrying out a bending test with respect to a test specimen having a chevron-type notch formed at its center portion, 

so and the DCB method is a method for measuring the load required for the progress of a crack by directly pulling both 
ends of the crack with respect to a test specimen having the crack introduced. The fracture toughness mentioned here- 
inafter ir, a value measured by the SEPB method, the BBCN method or the DCB method. 

[0009] According to J. Am. Ceram. Soc. 52 (1969), No.2,p99-105 (hereinafter referred to as Document 1), the fracture 
toughness of soda lime silica glass is 0.75 MPa • m 1/2 . 
55 [001 0] Silicate glasses having fracture toughness equivalent to or higher than the fracture toughness of soda lime sil- 
ica glass, have heretofore been known. For example, Document 1 discloses an aluminosilicate glass having a fracture 
toughness of 0.91 MPa • m 1/2 , and J. Am. Ceram. Soc. 61 (1978), No. 1-2, p27-30 (hereinafter referred to as Document 
2) discloses an alkali borosilicate glass having a fracture toughness of 0.94 MPa • m 1/2 . Further, SID'96 Digest of Tech- 



2 



DMCfVYtin. /CO nOS^^QA 1 I -v 



EP 0 953 549 A1 



nical Papers (1 996) p51 8 discloses that the fracture toughness of an alkali free glass for TFT-LCD substrate is from 0.8 
to 0.83 MPa * m 1/2 . The fracture toughness of these glasses is higher than the fracture toughness of soda lime silica 
glass, and such glasses may be regarded essentially as glasses having the resistance against the progress of fracture 
improved. However, each of such glasses having high fracture toughness has a thermal expansion coefficient which is 
5 too small as compared with the thermal expansion coefficient of soda lime silica glass, or a strain point which is as low 
as lower than 550°C, whereby, in many cases, such a glass has not been applicable to a substrate glass for electronics 
such as a substrate for color PDP. 

[0011] On the other hand, the relation between the glass composition and the fracture toughness is discussed, for 
example, in Document 1 or 2. Generally, the relation between the fracture toughness (K| C ), and the Young's modulus 
10 (E) and the fracture surface energy (y) of the material, is represented by the following formula: 

K |C = (2xEx Y ) 1/2 

[0012] From this formula, it is evident that in order to improve the fracture toughness, the Young's modulus and the 
is fracture surface energy may be increased. Among them, the Young's modulus is a physical value which can relatively 
easily be measured, and its relation with the glass composition has been known to some extent. However, the fracture 
surface energy is a physical value which is rather difficult to measure, and its relation with the glass composition has 
little been reported. In fact, Document 1 discloses a relation between the Young's modulus and the fracture surface 
energy, but the relation differs depending upon the glass system, and no clear interrelation between the two has been 
20 obtained. Therefore, it is difficult to estimate the fracture toughness from the relation between the glass composition and 
the Young's modulus. Further, a glass containing a substantial amount of e.g. Si, Al or B which has a high single bond 
strength with oxygen, is believed to usually have high fracture toughness, but as disclosed in Document 2, such char- 
acterization is not applicable to some glasses. 

[001 3] As mentioned above, the mechanism for development of fracture toughness in a glass having high resistance 
25 against the progress of fracture, has not yet been sufficiently clarified, and for such clarification, it is believed necessary 
to clarify the complex glass structures and the mechanism of fracture of glasses. Accordingly, extensive experiments 
and trial and error have been required to obtain a glass which not only satisfies the thermal expansion coefficient and 
the condition relating to the strain point required for e.g. a substrate glass for color PDP but also has high fracture tough- 
ness. 

30 [0014] The present invention has been made to solve the above problems, and its object is to obtain a plate glass 
which has a thermal expansion coefficient of the same level as soda lime silica glass and a strain point higher than soda 
lime silica glass and which has fracture toughness of the same level or higher than the fracture toughness of soda lime 
silica glass, and to obtain a substrate glass for electronics employing it. 

[0015] The present invention provides a plate glass having a total content of Li 2 0, Na 2 0 and K 2 0 of from 0 to 13 
35 mol%, a content of BaO of from 0 to 0.8 mol% and a content of Si0 2 of from 50 to 75 mol%, and having an average 
linear thermal expansion coefficient of from 75x10" 7 to 120x10' 7 /°C in a range of from 50 to 350°C, a strain point of at 
least 550°C, a density of at most 2.65 g/cm 3 at 20°C and an oxygen atom density of from 7.2x1 0* 2 to 9.0x10" 2 mol/cm 3 
at20°C. 

[0016] Further, the present invention provides a plate glass having a total content of Li 2 0, Na 2 0 and K 2 0 of from 0 
40 to 13 mol% and a content of Si0 2 of from 50 to 75 mol%, and having an average linear thermal expansion coefficient 
of from 75x1 0' 7 to 1 20x1 0" 7 /°C in a range of from 50 to 350°C, a strain point of at least 550°C, a density of at most 2.65 
g/cm 3 at 20°C and an oxygen atom density of from 7.3x1 0" 2 to 9.0x1 0' 2 mol/cm 3 at 20°C. 

[0017] Such plate glasses are most suitable as substrate glasses for electronics with respect to any of the thermal 
resistance, the density and the fracture strength. Here, substrate glasses for electronics are meant for substrates for flat 
45 panel displays such as color PDP, plasma address liquid crystal (PALC) and field emission display (FED), and sub- 
strates for information recording media such as substrates for magnetic disks. 

[0018] The present inventors have extensively studied various indices which may be accurately explain the fracture 
toughness of glasses heretofore known. As a result, it has been found that there is a strong interrelation between the 
fracture toughness of glass and the number of oxygen atoms contained in a unit volume of glass i.e. the oxygen atoms 
so density. Namely, with an increase in the oxygen atom density, the fracture toughness increases as well. The reason is 
not clearly understood, but it may be explained that with a glass having a structure wherein oxygen atoms are densely 
present, it will be required to cut more bonds in the progress of fracture, whereby the resistance against the progress 
of fracture increases i.e. the fracture toughness increases. 

[0010] The oxygen atom density is a convenient physical valu which can easily be obtained without carrying out a 
55 complex analysis, calculation or measurement, so long as the glass composition and the density are known, and it has 
a strong interrelation with the fracture toughness, which can be practically adequately useful, and can be used as an 
index which can explain the fracture toughness. 

[0020] The oxygen atom density (D oxygen ) is calculated from the glass composition represented by components Aj 
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and their molar fractions Cj and the density (d, the unit being g/cm 3 ) of glass at 20°C, as follows. 
[0021] . The molecular weight of each component is represented by rrij, the percentage of the molar fraction of each 
component is represented by c j( the number of oxygen atoms in each component is represented by x h and the average 
molecular weight of glass is represented by m. Here, m=X(m jxc jx100 ), c j=C jx100 , and I is a symbol for summing 
5 up with respect to all components of the glass. 

D oxygen = d x £(X f xc/100)Ml 

[0022] Table 1 shows the compositions represented by mol% ( the fracture toughness (the unit being MPa • m 1/2 ), the 
w densities (the unit being g/cm 3 ), the oxygen atom densities (the unit being 10" 2 mol/cm 3 ), the thermal expansion coef- 
ficients (the unit being 10" 7 /°C), the strain points (the unit being °C) and the fracture strength (unit being MPa) of various 
glasses. * 

[0023] Glass A is soda lime silica glass, glasses B to D are high strain point glasses having thermal expansion coef- 
ficients of the same level as the thermal expansion coefficient of soda lime silica. glass, glasses E to G are alkali-free 
15 glasses, glasses H to I are glasses disclosed in Document 1 , and glasses J to K are glasses disclosed in Document 2. 
With respect to glasses H to K, data disclosed in Documents 1 and 2 were partially copied. 

[0024] The fracture toughness of glasses A to G was measured by the BBCN method. In the present specification, 
the BBCN method is a three point bending test or a four point bending test, which will be described hereinafter. In this 
paragraph, the one in brackets ( ) is the condition for the four point bending test. A chevron-type notch was formed at 

20 the center portion of a test specimen having a thickness of 6 mm (8 mm), a width of 8 mm and a length of 80 mm. Using 
a Tensilon type strength testing apparatus, a bending test was carried out at a crosshead speed of 0.005 mm/min t so 
that constant fracture takes place from the forward end of the notch imparted on the test specimen supported with a 
span of 60 mm (64 mm). The above span in the four point bending test was 1 6 mm. In order to avoid the effect of fatigue 
of the glass due to moisture, the measurement was carried out in a dry nitrogen atmosphere. The data of the fracture 

25 toughness of glasses H to K are those copied from Documents 1 and 2. Hereinafter, the fracture toughness in the 
, present specification is the fracture toughness measured by the above described BBCN method. 
[0025] The density was measured by an Archimedes method with respect to a sample of about 20 g. The thermal 
expansion coefficient was measured in accordance with J IS R3102. The strain point was measured in accordance with 
JISR3103. 

30 [0026] The fracture strength was measured by the following method. 

[0027] A Vickers ind enter was pressed against the center of a mirror finished surface of a test specimen having a 
thickness of about 3 mm, a width of about 8 mm and a length of about 50 mm, to form flaws from four corners of the 
impression. The direction in which the Vickers indenter was pressed, was adjusted so that the directions of the flaws 
would be vertical to the long side or the short side of the test specimen. With respect to the test specimen thus flawed, 

35 a three point bending test was carried out with a span of 30 mm so that the maximum bending stress would be exerted 
to the flawed portion. In order to avoid the deterioration in strength due to fatigue of the glass, the bending test was car- 
ried out in a dry nitrogen atmosphere. 

[0028] The fracture strength a was obtained in accordance with the following formula: 

40 a = 3xPxL7(2xbxh 2 ) 

where P is the fracture load, L is the span, b is the width of the test specimen, and h is the thickness of the test speci- 
men. 

[0029] On the other hand, the vicinity of the Vickers impression was observed by a microscope immediately before 
45 the bending test, whereby the length of the flaw vertical to the long side of the test specimen among the flaws intro- 
duced crisscross, was measured. The length (c) of the flaw measured and the fracture strength (a) were plotted on a 
log-log graph, and then linear regression was carried out to obtain the fracture strength (ct 10 o) corresponding to 1 00 urn 
in the length of the flaw. Here, data of a test specimen in which flaws were not uniformly formed from the four corners 
of the Vickers impression or of a test specimen which was broken from the edge without fracture from the flaws in the 
so bending test, were excluded. The data of a 100 are shown in the column for the fracture strength in Table 1 (the unit being 
MPa). Hereinafter, the fracture strength in the present specification is a 100 . 

[0030] In the accompanying drawing, Figure 1 is a graph in which the relation between the oxygen atom density (the 
unif being 10' 2 mol/cm 3 ) and the fracture toughness (the unit being MPa* m 1/2 ) was plotted on the basis of the data 
shown in Table 1. In the Figure, a fitting linear line is shown, and a strong linear interrelation is observed between the 
55 two. Taking also the error in measuring the fracture toughness into consideration, it is apparent that the oxygen atom 
density is an excellent index, for the fracture toughness. 

[0031 ] As is evident from Table 1 , the fracture toughness increases with an increase of the oxygen atom density. Fur- 
ther, it is noteworthy that with glass D, the fracture toughness is not so high in spite of the fact that the total content of 
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K 2 0 


2 to 7 mo!%. 


Li 2 0+Na 2 0+K 2 0 


2to13mol%, 


Zr0 2 


0 to 5 mol%, 


Ti0 2 


0 to 8 mol%, 


Y 2 0 3 


0 to 2 mol%, 


Ta 2 0 5 


0 to 2 mof%, and 


Nb 2 0 5 


0 to 2 mo!%. 



Here, "essentially" means that the total amount of components other than the above components is not more than 2 
75 mol%. Now, the respective components of this preferred glass composition will be described. 

[0043] Si0 2 is a network former and essential, and it is contained within a range of from 50 mol% to 75 mol%. If it is 
less than 50 mol%, the density tends to be too high. Preferably, it is at least 54 mol%. If it exceeds 75 mol%, the thermal 
expansion coefficient tends to be too small. Preferably, it is at most 68 mol%. 

[0044] Al 2 0 3 is a component effective for increasing the oxygen atom density and essential. If it is less than 4 mol%, 
so the oxygen atom density tends to be low, or the strain point tends to be too low. Preferably, it is at least 6 moi%. On the 
other hand, if it exceeds 20 mol%, the thermal expansion coefficient tends to be too small. Preferably, it is at most 14 
mol%. 

[0045] B 2 0 3 is a component effective for increasing the oxygen atom density and essential. If it is less than 0.5 mol%, 
the effect for increasing the oxygen atom density tends to be small. If it exceeds 10 mol%, the strain point tends to be 
25 too low. Preferably, it is at most 5 mol%. 

[0046] MgO is a component effective for increasing the oxygen atom density and essential. If it is less than 2 mol%, 
the oxygen atom density tends to be low. Preferably, it is at least 3 mol%. On the other hand, if it exceeds 15 mol%, the 
thermal expansion coefficient tends to be too small. Preferably, it is at most 12 mol%. 

[0047] CaO is a component effective for increasing the oxygen atom density and essential. If it is less than 1 mol%, 
30 the oxygen atom density tends to be low, or the thermal expansion coefficient tends to be too small. Preferably, it is at 
least 2 mol%. On the other hand, if it exceeds 1 5 mol%, devitrification is likely to result. Preferably, it is at most 1 2 mol%. 
[0048] SrO is not essential, but in order to increase the thermal expansion coefficient, it may be incorporated up to 6 
mol%. If it exceeds 6 mol%, the oxygen atom density tends to be low. or the density tends to increase. More preferably, 
it is at most 5 mol%. 

35 [0049] BaO is not essential„but may be incorporated up to 0.8 mol% in order to increase the thermal expansion coef- 
ficient. If it exceeds 0.8 mol%, the oxygen atom density tends to be low, or the density tends to increase. More prefera- 
bly, it is at most 0.5 mol%. 

[0050] Li 2 0 is not essential, but may be incorporated up to 10 mol% in order to increase the oxygen atom density. If 

it exceeds 10 mol%, the strain point tends to be too low. Preferably, it is at most 7 mof%. 
40 [0051] Na 2 0 is not essential, but is preferably incorporated within a range of from 4 mol% to 12 mol% in order to 

increase the thermal expansion coefficient. If it exceeds 12 mol%, the electrical insulating property tends to be low. 

[0052] K 2 0 is essential and incorporated within a range of from 2 mol% to 7 mol%, preferably at least 3 mol%, more 

preferably at least 4 mol%. If it is less than 2 mol%, the meltability of glass decreases. If it exceeds 7 mol%, the oxygen 

atom density decreases. Preferably, it is at most 6 mol%. 
45 [0053] The total amount of Li 2 0, Na 2 0 and K 2 0 is at most 13 mol%. If it exceeds 13 mol%, the electrical insulating 

property tends to be low. The above total amount is preferably at least 4 mol%, more preferably at least 6 moI%. If it is 

less than 4 mof%, the thermal expansion coefficient tends to be too small, or the density tends to be too high. 

[0054] Zr0 2 is not essential, but may be incorporated up to 5 mol% in order to increase the oxygen atom density. If it 

exceeds 5 mol%, the density tends to be too high. Preferably, it is at most 4 mol%. 
so [0055] Ti0 2 is not essential, but may be incorporated up to 8 mol% in order to increase the oxygen atom density. If it 

exceeds 8 mol%, the density tends to be too high. Preferably, it is at most 6 mol%. 

[0056] Y 2 0 3 , Ta 2 0 5 and Nb 2 0 5 are not essential, but may be incorporated up to 2 mol% each in order to increase the 
oxygen atom density. If each of them exceeds 2 mo!%, the density tends to be too high. The total amount of Zr0 2 , T10 2 , 
Y 2 0 3 , Ta 2 0 5 and Nb 2 0 5 is preferably at most 10 mol%. If it exceeds 10 mol%, the density t nds to be too high. More 
55 preferably, the total amount is at most 5 mol%. 

[0057] The plate glass of the present invention is preferably a plate glass wherein no phase splitting phenomenon has 
occurred. If a phase splitting phenomenon has occurred, there may be a case where the fracture toughness will not be 
improved even when the oxygen atom density is sufficiently high. 
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Si0 2 , Al 2 0 3 and B 2 0 3 which have high single bond strength with oxygen, is large as compared with glass A which is 
soda lime silica glass. Such results have not been expected from the conventional way of thinking. 
[0032J From the foregoing knowledge, the following policy will be obtained. Namely/in order to obtain a glass having 
fracture toughness of the same level or higher than the fracture toughness of soda lime silica glass, the oxygen atom 
5 density may be adjusted to be the same level or higher than that of the soda lime silica glass. In order to increase the 
oxygen atom density, an oxide having a cation with a small ion radius and having a small molar volume, may be intro- 
duced into the glass composition. As the data for the molar volume, the Appen's coefficient may be used which is used 
when the physical property of glass is predicted from an additive rule. 

[0033] Table 2 shows the Appen's coefficients (the unit being cm 3 /moi) of the molar volumes of various oxides and 
10 the oxygen atom densities (the unit being 10" 2 mol/cm 3 ) of various oxides calculated from the above Appen's coeffi- 
cients. As is evident from Table 2, B 2 0 3 is a preferred component in order to increase the oxygen atom density of glass, 
and this agrees very well to the fact that glasses E to H and glass J in Table 1 show high oxygen atom densities. Further, 
it is readily expected that Li 2 0, Ti 2 0 and Zr0 2 are also preferred components. On the other hand, an oxide containing 
a cation with a large ion radius, such as K 2 0 or BaO, has a large molar volume and is an undesirable component in 
is order to increase the fracture toughness, and such an oxide should be at the minimum level if used for obtaining other 
properties. 

[0034] It is not essential that the plate glass of the present invention contains Li 2 0, Na 2 0 and K 2 0, but it may contain 
them. When it contains them, the total of their contents is at most 13 mol%. If the total content exceeds 13 mol%, the 
electrical insulating property deteriorates. 

20 [0035] The content of Si0 2 in the plate glass of the present invention is from 50 to 75 mol%. If it is less than 50 mol%, 
the density tends to be too high. If it exceeds 75 mol%, the thermal expansion coefficient tends to be too small. 
[0036] The thermal expansion coefficient of the plate glass of the present invention is from 75x1 0* 7 /°C to 1 20x1 0' 7 /°C. 
If it is less than 75x10' 7 /°C, it tends to be difficult to adjust it to the thermal expansion coefficient of glass frit material. 
Preferably, it is at least 80xlO" 7 /°C. If it exceeds 120x10* 7 /°C, thermal cracking may occur in the thermal treatment proc- 

25 ess. It is preferably at most IOOxIO'^C. 

[0037] The strain point of the plate glass of the present invention is at least 550°C. If it is lower than 550°C, deforma- 
tion may occur, or thermal shrinkage tends to be large in the heat treatment process. 

[0038] The density of the plate glass of the present invention at 20°C is at most 2.65 g/cm 3 . If it exceeds 2.65 g/cm 3 , 
the plate glass tends to be too heavy. Preferably, it is at most 2.60 g/cm 3 . 

30 [0039] In a first embodiment of the plate glass of the present invention, it is not essential to contain BaO. However, 
BaO may be contained, and in such a case, the content is at most 0.8 mol%, and the oxygen atom density at 20°C is 
from 7.2x10' 2 to 9.0x10~ 2 mol/cm 3 . If the content of BaO exceeds 0.8 mol%, or the oxygen atom density is less than 
7.2x 1 o* 2 mol/cm 3 , it tends to be difficult to obtain fracture toughness of the same level or higher than the fracture tough- 
ness of soda lime silica glass (0.75 MPa • m 1/2 as measured by the above mentioned BBCN method and shown as the 

35 fracture toughness of glass A in Table 1). The oxygen atom density is preferably at least 7.3x10" 2 mol/cm 3 , more pref- 
erably at least 7.4x10* 2 mol/cm 3 . If the oxygen atom density exceeds 9.0x10" 2 mol/cm 3 , the density tends to be too 
high. 

[0040] In a second embodiment of the plate glass of the present invention, the oxygen atom density is from 7.4x 1 0" z 
to 9.0xio 2 mol/cm 3 . If it is less than 7.4x10* 2 mol/cm 3 , it tends to be difficult to obtain fracture toughness of the same 
40 level or higher than the fracture toughness of soda lime silica glass. If it exceeds 9.0x10' 2 mol/cm 3 , the density tends to 
be too high. 

[0041 ] In order to increase the oxygen atom density, the plate glass of the present invention contains B 2 0 3 . 
[0042] To obtain the properties of the plate glass of the present invention, a glass having the following composition is, 
for example, preferred. Namely, it is a glass composition which consists essentially of: 

45 





Si0 2 


50 to 75 mol%, 


50 


Al 2 0 3 


4 to 20 mol%, 




B 2 0 3 


0.5to10mol%, 




MgO 


2 to 15mol%, 




CaO 


1 to 15 mol%. 


55 


SrO 


0 to 6 mol%, 




BaO 


0 to 0.8 mol%, 
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[0058] A substrate glass for electronics employing the plate glass of the present invention is a substrate glass for elec- 
tronics, which has a thermal expansion coefficient of the same level as the thermal expansion coefficient of soda lime 
silica glass and a strain point higher than soda lime silica glass, and yet has fracture toughness of the same level or 
higher than the fracture toughness of soda lime silica glass. 
5 [0059] Now, the present invention will be described in further detail with reference to Examples. However, it should 
be understood that the present invention is by no means restricted to such specific Examples. 

EXAMPLES 

10 [0060] Glasses L, M, N, O and P having the compositions as identified in Table 3 by mol%, were prepared. Glasses 
L ( M, N and O represent Examples of the present invention, and glass P represents a Comparative Example. With 
respect to glasses L, M, N, O and P, the fracture toughness, the density, the thermal expansion coefficient, the strain 
point, and the fracture strength (a 10 o) were measured. Table 3 shows the fracture toughness (the unit being MPa • m iy2 ) 
as measured by the BBCN method, the density (the unit being g/cm 3 ), the oxygen atom density (the unit being 10" 2 

is mol/cm 3 ) ( the thermal expansion coefficient (the unit being 10' 7 /°C), the strain point (the unit being °C) and the fracture 
strength (the unit being MPa). 

[0061 ] As is evident from Table 3, the fracture toughness of glasses L, M, N and O having high oxygen atom densities, 
is the same or higher than the fracture toughness of soda lime silica glass (as shown in Table 1, the fracture toughness 
of glass A which is soda lime silica glass, is 0.75 MPa • m 1/2 ). Their fracture strength is also the same or higher than the 

so fracture strength of soda lime silica glass (as shown in Table 1 , the fracture strength of glass A which is soda lime silica 
glass, is 65 MPa). Thus, it is evident that as compared with conventional high strain point glasses (glasses B to C in 
Table 1) having fracture strength lower than the fracture strength of soda lime silica glass, their fracture strength is 
remarkably improved. Further, glasses L, M, N and O have a thermal expansion coefficient of the same level as the 
thermal expansion coefficient of soda lime silica glass, and a higher strain point, and their alkali contents are lower than 

25 soda lime silica glass, whereby they are excellent in the electrical insulating property, and thus it is evident that they 
have properties most suitable, for example, as a substrate glass for color PDP. 

[0062] The plate glass of the present invention is intended to be a plate glass having high fracture toughness, while 
having properties required as a substrate glass for electronics. However, it can be applied to other uses. 
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Table 1 



55 





Glass 
A 


Glass 
B 


Glass 
C 


Glass 
D 


Glass 
E 


Glass 
F 


Glass 
G 


Glass 
H 


Glass 
I 


Glass 
J 


Glass 
K 


Si0 2 


72.0 


66.5 


69.2 


60.0 


67.0 


66.0 


67.6 


58.5 


100 


60 


60 


Al 2 0 3 


1.1 


4.7 


2.5 


10.0 


7.8 


11.0 


11.5 


12.1 


0 


0 


20 


B 2 0 3 


0 


0 


0 


5.0 


6.0 


7.0 


8.7 


3.5 


0 


16 


0 


Li 2 0 


0 


0, 


0 


0 


0 


0 


0 


0 


0 


0 


0 


Na 2 0 


12.6 


4.8 


2.0 


2.0 


0 


0 


0 


1.0 


0 


24 


20 


K 2 0 


0.2 


4.4 


9.5 


8.0 


0 


0 


0 


0 


0 


0 


0 


MgO 


5.5 


3.4 


7.0 


5.0 


3.6 


6.4 


1.4 


18.3 


0 


0 


0 


CaO 


8.6 


6.2 


8.0 


10.0 


4.0 


4.8 


5.2 


6.6 


0 


0 


0 


SrO 


0 


4.7 


0 


0 


4.5 


4.8 


1.3 


0 


0 


0 


0 


BaO 


0 


3.6 


0 


0 


7.1 


0 


4.3 


0 


0 


0 


0 


2r0 2 


0 


1.7 


1.8 


0 


0 


0 


0 


0 


0 


0 


0 


Fracture tough- 
ness 


0.75 


0.64 


0.68 


0.65 


078 


0.86 


0.79 


0.91 


0.80 


0.94 


0.67 


Density 


2.49 


2.77 


2.51 


2.49 


2.77 


2.51 


2.55 


2,56 


2.20 


2.46 


2.44 


Oxygen atom 
density 


7.30 


7.11 


6.92 


7.15 


7.53 


7.68 


7.60 


7.88 


7.32 


7.61 


7.09 


Thermal expan- 
sion coefficient 


85 


83 


83 


83 


<50 


<50 


<50 


<50 


5 
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Table 1 (continued) 





Glass 
A 


Glass 
B 


Glass 
C 


Glass 
D 


Glass 
E 


Glass 
F 


Glass 
G 


Glass 
H 


Glass 
I 


Glass 
J 


Glass 
K 


Strain point 


511 


570 


595 


590 












<540 




Fracture 
strength 


65 


56 


54 










83 
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Table 2 



15 




Appen's coefficient of 
molar volume 


Oxygen atom density 




Si0 2 


26.1 to 27.25 


7.34 to 7.66 




Al 2 0 3 


40.4 


7.43 


20 


B 2 0 3 


18.5 to 38 


7.89 to 16.2 


Li 2 0 


11 


9.09 




Na 2 0 


20.2 


4.95 




K 2 0 


34.1 


2.93 


25 


MgO 


12.5 


8.00 




CaO 


14.4 


6.94 




SrO 


17.5 


5.71 


30 


BaO 


22 


4.55 




ZnO 


14.5 


6.90 




PbO 


21 to 23.5 


4.26 to 4.76 




Ga 2 0 3 


42.5 


7.06 


35 


Y 2 0 3 


35 


8.57 




La 2 0 3 


40 


7.50 




Sb20 3 


47 


6.38 


40 


Bi 2 0 3 


45 


6.67 




Sn0 2 


28.8 


6.94 




Ti0 2 


19 to 22.5 


8.89 to 10.53 




Zr0 2 


23 


8.70 


45 


•Nb 2 0 3 


56 


8.93 




Ta 2 0 5 


52 


9.62 
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Table 3 





Glass L 


Glass M 


Glass N 


Glass O 


Glass P 


Si0 2 


56 


58 


57 


57 


60 


Al 2 0 3 


9 


8 


9.5 


9 


8 



8 
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Table 3 (continued) 



20 





Glass L 


Glass M 


Glass N 


Glass O 


Glass P 


B 2 0 3 


3 


4 


4 


4 


2 


Li 2 0 


0 


0 


0 


0 


0 


Na 2 0 


12 


7 


6 


5 


0 


K 2 0 


0 


4 


4.5 


5.5 


18 


MgO 


10 


9 


6.5 


6.5 


6 


CaO 


10 


10 


11 


10 


6 


SrO 


0 


0 


0 


1 


0 


BaO 


0 


0 


0 


0 


0 


Zr0 2 


0 


0 


1.5 


2 


0 


Fracture toughness 


0.80 


0.75 


0.80 


0.78 


0.64 


Density 


2.557 


2.531 


2.568 


2.593 


2.474 


Oxygen atom density 


7.42 


7.30 


7.29 


7.24 


6.52 


Strain point 


552 


554 


580 


590 


590 


Thermal expansion coefficient 


83 


88 


84 


85 


103 


Fracture strength 


72 


65 






53 
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[0063] According to the present invention, it is possible to obtain a high strain point plate glass which has a thermal 
expansion coefficient of the same level as the thermal expansion coefficient of soda lime silica glass and which is of a 
light weight and hardly breakable, and the plate glass is suitable as a substrate glass for electronics. 

30 

Claims 

1. A plate glass containing B 2 0 3 , having a total content of Li 2 0, Na 2 Q and K 2 0 of from 0 to 13 mol%, a content of 
BaO of from 0 to 0.8 mol% and a content of Si0 2 of from 50 to 75 mol%, and having an average linear thermal 

35 expansion coefficient of from 75x1 0" 7 to 120x1 0" 7 /°C in a range of from 50 to 350°C, a strain point of at least 550°C. 
a density of at most 2.65 g/cm 3 at 20°C and an oxygen atom density of from 7.2x1 0' 2 to 9.0x1 0' 2 mol/cm 3 at 20°C. 

2. A plate glass containing B 2 0 3 , having a total content of Li 2 0, Na 2 0 and K 2 0 of from 0 to 13 mol% and a content 
of Si0 2 ol from 50 to 75 mol%, and having an average linear thermal expansion coefficient of from 75x1 0' 7 to 

40 1 20x1 0' 7 /°C in a range of from 50 to 350°C, a strain point of at least 550°C. a density of at most 2.65 g/cm 3 at 20°C 
and an oxygen atom density of from 7.4x1 0" 2 to 9.0x1 0" 2 mol/cm 3 at 20°C. 

3. The plate glass according to Claim 1 or 2, wherein the density is at most 2.60 g/cm 3 at 20°C. 
45 4. The plate glass according to Claim 1 or 2, which consists essentially of: 



Si0 2 


50 to 75 mol%, 


Al 2 0 3 


4 to 20 mol%, 


B 2 0 3 


0.5 to 10mo!%, 


MgO 


2to15mol%, 


CaO 


1 to 15 mol%, 


SrO 


0 to 6 mol%, 


BaO" 


0 to 0.8 mol%, 
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(continued) 


K 2 0 


2 to 7 mol%, 


Li 2 0+Na 2 0+K 2 O 


2 to 13 mol% t 


Zr0 2 


0 to 5 mol%, 


Ti0 2 


0 to 8 mol%, 


Y 2 0 3 


0 to 2 mol%, 


Ta 2 0 5 


0 to 2 mol%, and 


Nb 2 O s 


0 to 2 mol%. 



5. The plate glass according to Claim 1 or 2, which consists essentially of: 

15 





Si0 2 


54 to 68 mol%, 


20 


Al 2 0 3 


6to14mol%, 




B2O3 


0.5to5mol%, 




MgO 


3 to 12 mol%, 




CaO 


2 to 12 mo!%, 


25 


SrO 


0 to 5 mol%, 




BaO 


0 to 0.8 mol%, 




Li 2 0 


0 to 10 mol%, 


30 


Na 2 0 


4 to 12 mol%, 




K 2 0 


2 to 7 mol%, 




Li 2 0+Na 2 0+K 2 0 


6 to 13 mol%, 




Zr0 2 


0 to 4 mol%, 


35 


Ti0 2 


0 to 6 mol%, 




Y 2 0 3 


0 to 2 mol%, 




Ta 2 0 5 


0 to 2 mol%, and 


40 


Nb 2 0 5 


0 to 2 mol%. 



6. A substrate glass for electronics employing the plate glass as defined in any one of Claims 1 to 5. 



45 
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